Health effects of traffic-related air pollution (TRAP) concentrations in densely populated areas are previously described. However, there is still a lack of knowledge of the health effects of moderate TRAP levels. The aim of the current study, a population-based survey including 16 099 adults (response rate 33%), was to assess the relationship between TRAP estimates and respiratory symptoms in an area with modest levels of traffic; Telemark County, Norway. Respondents reported respiratory symptoms the past 12 months and two TRAP exposure estimates: amount of traffic outside their bedroom window and time spent by foot daily along a moderate to heavy traffic road. Females reported on average more symptoms than males. Significant relationships between traffic outside their bedroom window and number of symptoms were only found among females, with the strongest associations among female occasional smokers (incidence rate ratio [IRR], 1.75, 95% confidence interval (CI) [1.16-2.62] for moderate or heavy traffic compared to no traffic). Significant relationship between time spent daily by foot along a moderate to heavy traffic road and number of symptoms was found among male daily smokers (IRR 1.09, 95% CI [1.04-1.15] per hour increase). Associations between traffic outside bedroom window and each respiratory symptom were found. Significant associations were primarily detected among females, both among smokers and non-smokers. Significant associations between time spent by foot daily along a moderate to heavy traffic road (per hour) and nocturnal dyspnoea (odds ratio (OR) 1.20, 95% CI [1.05-1.38]), nocturnal chest tightness (OR 1.13 [1.00-1.28]) and wheezing (OR 1.14 [1.02-1.29]) were found among daily smokers, primarily men. Overall, we found significant associations between self-reported TRAP exposures and respiratory symptoms. Differences between genders and smoking status were identified. The findings indicate an association between TRAP and respiratory symptoms even in populations exposed to modest levels of TRAP.
Introduction Traffic-related air pollution (TRAP) is one of the main sources of urban air pollution [1] [2] [3] [4] . TRAP consists of primarily gaseous emissions, including nitrogen oxides (NOx) and carbon monoxide, as well as particulate matter (PM). TRAP PM originates from combustion and non-combustion sources such as sanding and salting of the roads during winter, road dust and tire wear. Additionally, secondary pollutants such as ozone, nitrates and organic aerosol may form. PM, including ultrafine particles (UFP), may carry substances such as polycyclic aromatic hydrocarbons, transition metals and environmentally persistent free radicals as well as immunogenic substances such as pollen or fungal spores.
TRAP is a known risk factor for respiratory diseases such as chronic obstructive pulmonary disease (COPD) and asthma [5] [6] [7] . PM is the TRAP component that is considered the main cause of respiratory morbidity [8] , although NOx have also been associated with both new onset of COPD and asthma [6, 9] . Several respiratory symptoms including wheezing, chronic bronchitis, chronic phlegm and reduced lung function have been reported in populations living in areas with documented TRAP [10] [11] [12] [13] [14] [15] . Consistent associations between TRAP at the home address and respiratory morbidity have been revealed for children and adolescents [3, [16] [17] [18] [19] [20] [21] , and similar findings have been observed in adult populations [9-13, 22, 23] .
The relationship between TRAP exposure and respiratory morbidity has been studied worldwide [10, 12, [23] [24] [25] , particularly in European urban areas [22, 26] . Although some investigations have included populations in less densely populated areas, such as smaller cities in Nevertheless, an elevated use of asthma medication, prevalence of asthma and respiratory symptoms have been observed in Telemark County compared to the rest of Norway and Scandinavia [42] . This topic has been addressed in several previous publications from the Telemark study [42, 43] ; occupational exposure, particularly for workers in agriculture/fisheries and craft related/trade workers, was shown to be a contributing factor, but does not offer the full explanation for the over-representation of asthma and respiratory symptoms. Environmental pollution such as indoor and outdoor allergens, second hand smoking, mould or other water damage related irritants or TRAP, may represent additional risk factors explaining this observation, especially in vulnerable sub-populations. Only a few large population-based studies of associations between modest air pollution levels and respiratory illness exist, and new findings may contribute valuable information for regulatory purposes.
The objective of the study was to assess the relationship between TRAP estimates close by roads and reported respiratory symptoms in adults in an area with modest TRAP levels-Telemark County, Norway. The relationship was also investigated in vulnerable sub-groups such as gender and smoking status.
Materials and methods

Study participants
The data presented in this paper originates from a cross-sectional population-based survey that was the first wave of data collection in the Telemark study. The Telemark study is described in previous publications [42] [43] [44] ; but briefly, the study subjects (50 000) were randomly sampled from the total of *170 000 inhabitants of Telemark County in the southeastern part of Norway. The survey was carried out from February to August 2013. During this period the participants received a postal questionnaire, and two reminders. The participants were 16-50 years of age and were selected from the national population registry, which contained the personal identification number, date of birth and residential address for each person. The questionnaire was sent by mail to 48 142 eligible subjects (traceable through a postal address).
All information was collected with the participants' informed and written consent. Participants were also informed that they at any time have the opportunity to withdraw from the study without giving a reason. In accordance with Norwegian legislation the participants between 16 and 18 do not need consent from parents or guardians. The study protocol was conducted with the written approval of the Regional Committee for Medical and Health Research Ethics in Norway in 2012 (2012/1665/REK Sør-øst D).
Study design
Outcomes. The questionnaire was based on the West Sweden Asthma Study questionnaire and the European Community Respiratory Health Survey questionnaire [45] . The presence of respiratory symptoms in the past 12 months was based on an affirmative response to the respective questions regarding wheezing: 'Have you had whistling or wheezing in the chest at any time during the past 12 months?'; nocturnal chest tightness: 'Have you woken up with a feeling of tightness in your chest at any time during the past 12 months?'; nocturnal dyspnoea: 'Have you woken up with dyspnoea at any time during the past 12 months?'; nocturnal coughing: "Have you woken up with attacks of coughing at any time during the past 12 months?" and asthma: 'Have you had an asthma attack during the last 12 months?'. Additionally, a sum score for the combined respiratory symptoms was generated for each respondent, where an affirmative answer to one or more of the above described questions was summarised. This generated a value between 0 and 5, describing the symptom burden for each respondent. Exposure assessment. Exposure to TRAP close by roads was assessed through two questions in the questionnaire. First: 'Is your bedroom window near a street (less than 20 m)?' with response alternatives: Yes, heavy traffic (HT)-Yes, moderate traffic (MT)-Yes, little traffic (LT)-No (N). The other question was: 'How much time do you usually spend travelling by foot along a moderate-to heavy-trafficked road in the course of a normal day?' with the respondents estimating the time spent along a busy road in minutes.
Statistics
Binary logistic regression was used to estimate the associations between TRAP estimates close by roads (traffic outside bedroom window and time by foot daily along a moderate-to heavytrafficked road) and the specific respiratory symptoms. The results are presented as odds ratios (OR) with 95% confidence intervals (CI). The responses to the question time by foot along a moderate-to heavy-trafficked road were recalculated from minutes to hours prior to statistical analyses to make the interpretations of the regression analysis results more relevant. Analyses were run both including and excluding the 13 individuals reporting more than 10 hours daily along a busy road, but there were no significant differences in the results, and all individuals were kept in the analyses. Given the distribution and nature of the number of respiratory symptoms variable, associations between TRAP estimates and number of respiratory symptoms were analysed using negative binomial regression, presented as incidence rate ratios (IRR) with 95% CI for unadjusted and adjusted models. The estimates were adjusted for gender, age, variables indicating socioeconomic status (marital status, educational level, employment status, type of housing) and other relevant exposure estimates (smoking status, number of pack-years, number of cigarettes per day, second-hand smoking, exposure to gas/dust at work, presence of dampness, mould or water damage in the house during the last 10 years and whether they lived in or outside of the Grenland area). There were considerable numbers of missing responses in the variables pack years and number of cigarettes per day, 10 496 and 10 344, respectively. To be able to include these variables in the model without these individuals being discarded in the analyses, the missing values were replaced by the average number of packyears and the average number of cigarettes per day, respectively, calculated for their respective smoking status group. Previous findings suggest there may be gender differences with regards to reporting asthma symptoms related to TRAP [9] , and to identify gender as a possible sensitive sub group in the current study, stratification was performed. Interactions between exposure variables, gender and smoking status were explored by adding generated product terms with each exposure. The statistical significance of the interactions was evaluated to judge whether stratification by gender and smoking status should be done. Statistical significance level was set to 10% for the interaction analyses. Due to small sample sizes in some of the strata, the TRAP estimate traffic outside bedroom window and categories moderate traffic (MT) and heavy traffic (HT) were combined in the category moderate or heavy traffic (MHT). Gender differences in mean number of respiratory symptoms and prevalence of self-reported respiratory symptoms in the last 12 months between female and male respondents were tested using Mann-Whitney U and χ2 tests, respectively.
One of the assumptions made in this study was that all the symptoms included in the questionnaire were related to asthma. Hence, there was expected to be a certain degree of dependence between reporting one or more of these symptoms. Correlation analyses (Spearman) were run between all the five symptoms.
Except for the interactions, the statistical significance level was set to 5% and results reaching significance are marked in bold in the tables. Statistical analyses were performed using IBM SPSS Statistics for Windows (V.24.0.0.2, IBM SPSS, Armonk, New York, USA).
Results
The response rate of the questionnaire was 33% (n = 16 099). The low study response rate in the Telemark study must be considered. However, non-participation was addressed in a separate study which performed inverse probability weighting to account for non-response bias [42, 44] . In that study, demographic characteristics and respiratory symptoms were reported for the non-responders and possible selection bias assessed. No significant differences were detected for the prevalence of respiratory symptoms (with exception for cough) or asthma between responders and non-responders. We performed analyses with and without weighted data sets but found that the weighting had little effect on the study outcomes. Although the non-response assessments demonstrated that exposure-outcome associations were not affected by non-response, results may not be entirely representative of the initial population.
Population characteristics are shown in Table 1 . There were 56% female and 44% male responders, 55% never-smokers and 21% past smokers. Of the smokers, 15% were daily smokers and 9% were occasional smokers. The daily and past smokers had more pack-years and more cigarettes per day than the occasional smokers. Number of minutes spent by foot daily along a road with moderate to heavy traffic had 21% missing responses. The range varied from 0 to 16.7 hours (999 minutes), 25th percentile was 0.0 hours (0 minutes), median 0.17 hours (10 minutes) and 75th percentile 0.5 hours (30 minutes). The distribution was right skewed, with most individuals spending no or little time along moderate or busy roads daily, while a minority reported that they spent more than 30 minutes by foot along busy roads. Thirteen individuals responded that they spent more than 10 hours daily along busy roads. The analyses were also run with these individuals excluded, but the results did not change significantly (results not shown). 10% reported moderate to heavy traffic and 35% reported little traffic outside their bedroom windows.
The mean number of respiratory symptoms and prevalence of self-reported respiratory symptoms in the last 12 months among female and male respondents are described in Table 2 . Females reported a higher number of respiratory symptoms than men.
As expected, all reported symptoms were significantly correlated (S1 Table, supporting information). Despite this relationship between the reported symptoms, analyses to assess the relationship between each symptom and the exposure variables were considered valuable.
The relationships between traffic outside bedroom window, time spent by foot daily along a moderate to heavy traffic road and number of respiratory symptoms are shown in Table 3 . We found associations in the unadjusted model for both TRAP exposures, which were reduced in the adjusted model, but still statistically significant.
Significant interactions (p<0.10) between smoking status and traffic outside bedroom window were revealed for nocturnal dyspnoea and nocturnal chest tightness. The interaction between gender and traffic outside bedroom window was significant (p<0.01) for asthma attacks. The interaction between smoking status and time spent by foot daily along a moderate to heavy trafficked road was significant for wheezing (p<0.05). Finally, significant interactions between smoking status, exposure estimates and gender were revealed when number of respiratory symptoms was considered (p<0.05). Because of these findings, stratification by smoking status and gender was performed for all strata. After stratification, significant relationships between estimated traffic outside the bedroom window and reported number of symptoms were only found among females with strongest associations among female occasional smokers. In contrast, the only statistically significant relationship between time spent daily by foot along a moderate to heavy trafficked road and reported number of symptoms was found among male daily smokers. Among occasional smokers of both genders, increased associations of similar magnitude were found, although not statistically significant. Associations between the reported traffic outside bedroom window and each of the five different respiratory symptoms are presented by OR, a crude and adjusted model for the total population. Stratified analyses by gender and smoking status are presented in Table 4 . For the total population we found associations for all the respiratory symptoms with the unadjusted model, which attenuated in the adjusted model. Still, moderate or heavy traffic was statistically significant for all symptoms, and little traffic was statistically significant for nocturnal dyspnoea and nocturnal chest tightness. Stratified analysis shows significant associations between selfreported traffic outside bedroom window and each respiratory symptom, primarily among females. Nocturnal coughing, dyspnoea and chest tightness were significantly associated with reporting traffic outside the bedroom window among female never-and occasional smokers. Furthermore, among female daily smokers, associations with nocturnal dyspnoea were seen, and associations with nocturnal chest tightness were found among female previous smokers. Asthma attacks was significantly associated with moderate or heavy traffic (MHT) outside bedroom window only among female never-smokers, whereas no associations were seen with wheezing. Female never-smokers that reported MHT were also more likely to report nocturnal coughing and nocturnal dyspnoea than never-smokers reporting no or little traffic outside their bedroom windows. The only statistically significant associations between reported exposure and respiratory symptoms in males were found among never-smoking men for nocturnal dyspnoea and among daily smoking men for nocturnal chest tightness. 
Yes, n (%) Yes, n (%) Yes, n (%)
Asthma attack 664 (4) Values for the total population and by gender are given.
https://doi.org/10.1371/journal.pone.0226221.t002
Self-reported traffic-related air pollution at low levels and respiratory symptoms
The association between time spent by foot daily along a moderate to heavy trafficked road and single respiratory symptoms remained statistically significant for nocturnal dyspnoea and wheezing in the adjusted model (Table 5 ). In the stratified analyses, the associations with nocturnal dyspnoea, nocturnal chest tightness and wheezing were statistically significant among male daily smokers. Positive associations of similar magnitude, but not statistically significant, were found for nocturnal chest tightness and wheezing among male occasional smokers and for wheezing among male previous smokers. The only significant association between time spent Table 3 . Unadjusted and adjusted incidence rate ratios (IRR) and 95% confidence intervals for the associations between self-reported traffic outside bedroom window and time spent daily by foot along a moderate to heavy trafficked road with number of respiratory symptoms for the respondents in the Telemark study.
Total n = 16099
Summarized respiratory symptoms last 12 months (number of respiratory symptoms) 09 (1,02-1,16 ) 25 (1,13-1,38 Results for the total population and strata by gender and smoking status. LT = little traffic. MHT = moderate or heavy traffic.
https://doi.org/10.1371/journal.pone.0226221.t003
Self-reported traffic-related air pollution at low levels and respiratory symptoms 16 (1,07-1,26)  1,29 (1,14-1,47)  1,15 (1,04-1,26)  1,11 (1,02-1,20 ) 75 (1,39-2,21)   1,60 (1,42-1,79)  1,97 (1,65-2,35)  1,72 (1,50-1,98)  1,47 (1,29-1,66 28 (1,11-1,47)  1,60 (1,30-1,98)  1,44 (1,23-1,70 by foot daily along busy roads and respiratory symptoms among women was among daily smoking females for wheezing ( Table 5 )
Discussion
In this large, population-based study of adults from Telemark County in Norway, we have found statistically significant associations between reported traffic outside bedroom window, time spent by foot daily along moderate to heavy trafficked road and respiratory symptoms. The Self-reported traffic-related air pollution at low levels and respiratory symptoms current findings are generally in line with previous studies linking residential TRAP exposure to increased risk for respiratory symptoms in persons living closer than 50 meters from a heavily trafficked road [9-11, 22, 46] . The associations between TRAP estimates and reported respiratory symptoms differed between men and women and varied by smoking status. Associations between traffic outside the bedroom window and respiratory symptoms were most prominent among women, with the strongest associations among occasional female smokers. Statistically significant associations between time spent by foot daily along moderate to heavy trafficked road and respiratory symptoms were revealed among daily smokers, primarily men. The prevalence of reported respiratory symptoms was higher in females than in males (Table 2) , and the association between amount of traffic outside the bedroom window and respiratory symptoms was stronger in women compared to men (Tables 3 and 4 ). Jedrychowski hypothesized that larger impact of air pollution on respiratory health in women may be caused by more time spent indoors at home, leading to more accurate assignment of residential air pollution exposure [47] . Whether this was the case in the population in the Telemark study is not clear. Normally, more time spent at home is related to whether you have a job or not, and in many countries more females than males stay at home. In the Telemark study, however, the proportion of male and female responders reporting being unemployed the last year is similar (16% vs 18%, respectively) ( Table 1) . Nevertheless, the finding in this study that symptom prevalence and association with TRAP exposure was higher in women may also indicate greater vulnerability to TRAP among females. Similar results have previously been described [12, 48] . Whether this vulnerability is physiological and reflects higher susceptibility towards respiratory morbidity in women, or if it reflects a more sensitive perception of traffic and respiratory symptoms, is not known. However, slightly greater airway reactivity in women has been shown [49] . A study of onset of asthma in adults living in Swedish cities used calculated TRAP estimates based on dispersion models as an exposure measure, and it found that females developed asthma more frequently than males [9] . Accordingly, our results showed a significant association between TRAP and asthma attacks only among never-smoking females reporting moderate or heavy traffic outside bedroom window. Also in the Atherosclerosis Risk in Communities study (ARIC), the risk of modest reduction in lung function was related to objective exposure estimates only in women [12] . These findings indicate that there are gender differences in respiratory vulnerability that are unrelated to individual perception of traffic or symptoms. On the other hand, annoyance from air pollution has previously been shown to be associated with factors such as reporting respiratory symptoms [50] , female gender and high education [51] . Furthermore, women are found to report more frequent and severe symptoms than men in clinical settings and in health surveys [52, 53] . Also, Jacquemin and colleagues suggested that the level of annoyance could be a measure of perceived air quality, and that females with more symptoms may perceive air pollution more negatively than men, and consequently report higher amounts of traffic. Similar association between reported respiratory symptoms and level of annoyance were found in the SAPALDIA study [50] with stronger effects on respiratory morbidity from residential TRAP in male non-smokers than other subgroups [22] . In our study, significant associations between traffic outside bedroom window and respiratory symptoms were found for nocturnal dyspnoea among non-smoking males. In the study by Cesaroni and colleagues in Rome, Italy, an increased risk of asthma with higher self-reported traffic density was found, similar to our study, but the objective TRAP measures in that study could not confirm the observation even though the self-reported traffic estimate in general was correlated with objective measures of TRAP. Reporting bias or more sensitive perception of TRAP by persons with asthma were suggested explanations for this observation by the authors [13] . Given our cross-sectional design using self-reported exposures and outcomes, we cannot rule out bias in the reporting of respiratory symptoms and/or traffic estimates as possible explanations for the results. In studies such as ours, in which the association between subjectively measured variables is studied, there is a risk for common method bias. In such cases, the responder's reporting will systematically affect the associations under investigation through, for instance, the personal style of reporting for each responder. This type of bias may generate associations between variables, which do not actually exist [54] . The response rate of the Telemark-study from which the present study population derives, was relatively low (33%). Assessment of non-response showed a somewhat higher prevalence of chronic cough and use of asthma medication among the participants compared with non-responders [44] . However, the prevalence of other respiratory symptoms and of physician-diagnosed asthma was similar between participants and non-responders indicating valid estimates. Nevertheless, the current results may not be entirely representative of the general population. Furthermore, although our data are cross-sectional, they are from a large sample of the general population and include a broad range of age categories. Importantly, and as is the case with all cross-sectional studies, no causal inferences can be drawn. This study was also limited in terms of geographic area; hence, additional studies are needed to confirm our findings.
A significant increase in number of respiratory symptoms was associated with increased time spent by foot daily along a busy road for male smokers. However, the model indicated that a noticeable increase in number of respiratory symptoms would be expected only after spending many hours daily by foot along busy roads. Hence, the general risk of experiencing respiratory symptoms associated with spending time by foot along a busy road was modest. Separating the data by each specific symptom and stratifying by gender and smoking status still singled out male smokers as the most sensitive group (Table 5 ). Even though this finding is in contradiction to what was observed for the risk associated with traffic amount outside the bedroom window, it is in accordance with findings from previous studies that have identified stronger respiratory effects from traffic exposure in males [10, 22] . However, twice as many men (n = 216) than women (n = 108) reported spending more than 2 hours daily by foot along a busy road. This may have contributed to the observed gender difference. Furthermore, reasons for spending many hours by foot along busy roads daily were not identified. Some individuals were possibly very physically active, commuting to work by foot, possibly exercising during the afternoons, and therefore spent considerable time along moderate or busy roads. Others may have had jobs where they spent time by foot along busy roads during the working hours, which may be more relevant for males than females. The respiratory status of the respondents would probably vary according to the rationale behind spending many hours daily by foot along busy roads. These possible confounding factors have not been accounted for in the present study.
In general, no consistent pattern of a difference between non-smokers and smokers was found when considering significant associations between reported traffic amount outside bedroom window and respiratory symptoms. The impact of smoking status varied between the symptoms (Tables 3 and 4 ). Significant associations between time spent daily by foot along busy roads and respiratory symptoms, both considering number of respiratory symptoms and separate symptoms, were, however, only found among smokers. These findings are partly inconsistent with previous studies in which non-smokers have been identified as the most sensitive group [10, 13, 22] . In fact, Künzli and colleagues [28] chose to only include non-smokers in their analyses based on the hypotheses that the respiratory exposure from cigarette smoking exceeds the pollutant concentration from all possible environmental pollution sources, and the smokers will therefore suffer effects mainly from their cigarette smoking. In our study, TRAP exposure related to activities outdoors close to roads was only significantly associated with respiratory symptoms among those who smoked every day, particularly men, suggesting that daily smoking men are the most sensitive group in this regard. It is also possible that this finding suggests a cumulative effect of smoking and TRAP in males. However, smoking status seemed to have little effect on associations between residential TRAP and respiratory symptoms, where women appeared to be more sensitive regardless of smoking status. Nevertheless, the associations between residential TRAP and respiratory symptoms in female occasional smokers were found to be stronger than the associations between TRAP exposure and the symptoms found for female daily smokers. It is known that all smoking, including occasional smoking, increases morbidity risk, and a dose-response pattern has been shown [55] . The total exposure burden for daily smokers is probably dominated by smoking and the associations between TRAP exposure, and respiratory symptoms may therefore be less clear than what is found among the female occasional smokers, who are expected to be less affected by smoking due to the lower dose.
A clear relationship between asthma and socioeconomic status has not been established, but an extra burden of asthma in populations with low socioeconomic status has been reported in previous studies [56, 57] . Furthermore, living in close proximity to busy roads is often considered as less attractive housing, and may be associated with lower socioeconomic status as well [58] . Also, persons with asthma living in poverty have been shown to suffer worse effects of traffic exposure [14] . Socioeconomic status may therefore be an important confounding factor when investigating the association between living or walking close to busy roads and respiratory symptoms. In our analyses, we adjusted for educational level, marital status, employment status, type of housing, second hand smoking, personal smoking status and presence of mould and damp damage in the home to account for the influence of socioeconomic status on the estimated associations. These variables are possibly not adjusting our estimates sufficiently and may have resulted in some residual confounding. For example, income was not included in the first wave of the Telemark study. However, the economic contrasts in the Norwegian population are small, with a difference in income ratio of 2.8 between the 90 th decile and the 10 th decile in 2016 [59] . The effect of income was therefore expected to be modest. Furthermore, we cannot exclude the possibility that including several adjustment factors may have resulted in diluted associations due to over-adjustment.
According to monitoring data from the WHO, there is substantial variability in the urban air pollution in the different regions of the world [60] . According to these monitoring data, the levels of PM in Scandinavia are generally lower than in other European countries, with annual mean PM concentrations below or close to the WHO guideline threshold values [61] . Nevertheless, TRAP is an issue of concern also in urban areas in Scandinavia and significant associations between TRAP exposure estimates and respiratory symptoms were found in the current study. According to these findings, the proportion of the population that experienced respiratory symptoms related to TRAP was limited to the 10% of the respondents that reported having their bedroom windows near a moderate or heavily trafficked road and smokers that spent several hours daily by foot along busy roads. In other words, these are the supposedly most exposed individuals in the current population. Consequently, for most of the population in the Telemark study, TRAP exposure was not associated with increased risk of experiencing respiratory symptoms, probably due to low levels of TRAP exposure. This finding indicates that the most trafficked areas in Telemark County may be close to a threshold for TRAP-induced respiratory symptoms. Other large cities in Norway, such as Oslo [31] , have similar or higher AADT counts compared to the busiest roads in Grenland. However, Oftedal and colleagues could not find associations between TRAP exposure and respiratory illness in schoolchildren In Oslo [62] . This indicates that the TRAP levels in Norway's largest city, even though they exceed national air quality thresholds annually, may be associated with lower respiratory risk compared to other European cities. The current findings do, nevertheless, indicate that the moderate TRAP levels found in Grenland may be associated with an increase in respiratory symptoms for the most exposed and susceptible individuals. This is in accordance with the findings of Modig [9, 27] and Andersen [6] , who found respiratory outcomes in Swedish and Danish urban populations associated with TRAP levels comparable to those measured in the most polluted measurement stations in Grenland [40] .
The general pattern was that the incidence rate ratios (IRR) were higher for the persons reporting medium or heavy traffic outside their bedroom window than those reporting no or low amounts of traffic, and most statistically significant associations between traffic outside bedroom window and symptoms were found in the medium-or high-traffic group. These findings imply a possible exposure-response relationship between TRAP and respiratory symptoms. This assumption is further supported by the statistically significant positive association between time spent by foot along a busy road and number of respiratory symptoms. Similarly, the SAPALDIA study observed a dose-response relationship between reported breathlessness and distance to the nearest main street and the length of main street segments around the home [22] . However, one major limitation in our study was that TRAP exposure estimates were self-reported. No objective exposure assessments or measurements of actual TRAP exposure such as individual PM or NOx levels were available, as this was beyond the scope of the Telemark study.
TRAP exposure in urban environments varies. Previous studies have shown that the exposure close to busy roads is 5-10 times higher compared to locations 50-200 m further away [63] [64] [65] [66] . Hence, staying close to busy roads is associated with increased risk of TRAP exposure. The TRAP exposure estimate used in the present study-"How much time daily do you spend by foot along a moderate to heavy trafficked road?"-was therefore a reasonable estimate of an individual's exposure to TRAP. Also, most TRAPs, such as NOx and ultrafine PM, penetrates indoors. Most Norwegian houses do not have an air-condition system, but are naturally ventilated through simple ventilation hatches or just by opening windows. Furthermore, most people are sleeping with an open bedroom window in Norway [67] . Hence, TRAP will easily find its way inside from the surroundings. In the Nordic RHINE study, an indoor/outdoor NO 2 ratio of 0.4-0.7 was found [68] . This implies that living close to a busy road affects even the indoor climate considerably, and most persons spend many hours daily in their bedrooms. Even though traffic amount along most roads is low during the night, TRAP that penetrates indoors is not expected to clear rapidly but to accumulate during the day, and the TRAP levels inside will reflect an average daily TRAP exposure level. Hence, using the position of the bedroom window relative to a trafficked road with a traffic estimate was considered a reasonable exposure estimate for residential TRAP exposure.
Both exposure measures were proxies for near-road TRAP exposure and were based on subjective estimates of what a 'little', 'moderate' or 'high' traffic road was. These terms are relative since each person's subjective estimate of traffic amount will differ and probably be influenced by whether the respondent lived in a rural or urban area. Self-reported traffic estimates have been shown to be less accurate in rural areas than urban areas [69] , an effect we cannot totally rule out in our data. Whether or not the respondents lived in the urban Grenland area was, however, included in the analyses in order to adjust for this possible effect. Also, caution should be made when comparing the findings in the current study to other populations, given the subjective nature of the traffic estimate and the fact that even the most busy roads in the most densely populated areas of Telemark are merely moderately trafficked in a global, urban context [30, [33] [34] [35] [36] .
Various exposure estimation strategies have been applied in order to investigate the impact of residential TRAP on respiratory morbidity. Objective exposure measures have been obtained by identifying the home address for each study subject and thereafter calculating individual TRAP exposure using, for instance, geographic information system (GIS) data, dispersion models including emission data and air quality measurements, traffic counts or estimation of residential proximity to busy roads [6, 9, 10, 12, 14, 22, 25, 26, 28, 62] . Still, selfreported traffic estimates are commonly applied [11, 13, 21, 24, 70] . Self-reported traffic estimates are cost-efficient and easily obtained but undeniably subjective perceptions prone to various biases, particularly when traffic estimates and health are subjects to the same questionnaire, and this may lead to misclassification. This has particularly been seen when parents of respiratory symptomatic children report traffic exposure outside their home [71] , which is often classified as recall bias. Quantitative exposure estimates such as air quality measurements and dispersion modelling are more objective and less likely to be biased, yet are also resourcedemanding and complex methods. Self-reported estimations of traffic, such as traffic amount or annoyance from traffic, compared to objective quantitative exposure measures have, however, shown that subjective assessments are reliable in homogeneous communities [13, 50, 72] , particularly in urban areas [69] . Oglesby and colleagues concluded that reported annoyance is a function of true exposure, although it is distorted by subjective factors [50] . However, future work on the Telemark study would benefit from including objective modelling to assess the TRAP exposure for each responder. Two major studies are currently investigating this topic: the ELAPSE study [73, 74] and the NordicWelfAir study [75] , where Norway is included. These will hopefully provide valuable insight into this topic in the future.
Conclusion
Overall, we found statistically significant associations between self-reported TRAP exposure and respiratory symptoms in a large, random sample from a population living in an area with modest TRAP levels. The results of this population-based study suggest that primarily women, both never-smokers and smokers, are at risk for experiencing respiratory symptoms if they have their bedroom window close to what in Telemark County is considered a moderate to heavy trafficked road. Additionally, our findings suggest that people, particularly male smokers, that spend many hours by foot daily along a busy road suffer an increased risk of respiratory symptoms. Furthermore, the results provide a basis for future studies where objective exposure measures should be included in order to explore the currently revealed relationship between modest TRAP levels and respiratory symptoms.
Supporting information S1 Table. Correlation between reported symptoms. Correlation between reported symptoms the responders had experienced during the last 12 months; Asthma attack, wheezing, nocturnal dyspnoea, nocturnal cough, chest tightness. There were fair to moderate significant (p<0,05) correlations (Spearman) between all symptoms reported by the responders. (DOCX)
